Twenty years ago, the whole cell pertussis vaccine used in Japan was withdrawn after the sudden death of two recently vaccinated infants. Although subsequently reinstated, concern about the risks of pertussis vaccination persisted, leading to poor uptake and a resurgence of disease. In response, the Japanese Ministry of Health launched a programme of research to develop a new vaccine containing purified pertussis antigens and devoid of active toxins which it was hoped would be more acceptable than whole cell vaccine. Within six years several new acellular pertussis vaccines with significantly lower reactogenicity than whole cell vaccine had been introduced in Japan, where they were reported to be successfully controlling whooping cough.' However, the Japanese carried out no formal evaluation of vaccine efficacy in randomised controlled trials -a requirement for licensure in most other countries. Furthermore, in countries with successful whole cell vaccination programmes, relative efficacy data was considered essential before any decision could be made about replacement of the existing vaccine with acellular preparations. In addition to FHA and pertussis toxin, three of the vaccines also contained an outer membrane protein (pertactin) which had been shown to be protective in an animal model.3 One vaccine also contained serotype specific agglutinogens 2 and 3 for which indirect evidence of protection has been obtained from both epidemiological studies and animal models. 5 6 The results were rather surprising. Despite epidemiological evidence from the USA showing evidence of high efficacy7 the American whole cell DTP vaccine gave only 36% protection (95% confidence interval (CI) 14 to 52%) in the Italian trial and 48% (95% CI 37 to 57%) in the Swedish trial. It is possible that the fourth and fifth doses of whole cell vaccine given in the USA at 18 months and at school entry compensate for the low efficacy ofthe American vaccine. In contrast the three and four component acellular DTP vaccines gave 84% protection after the three dose course (95% CI 76 to 90%). Although the vaccine containing the genetically detoxified pertussis toxin did not provide better protection, equivalent protection was achieved with one fifth of the dose. This superior immunogenicity may prove to be a significant advantage when the acellular DTP vaccines are mixed with additional vaccine antigens. The two component pertussis toxin/FHA vaccine gave only 58% protection (95% CI 50 to 65%) confirming that immunity to several pertussis components is necessary to achieve satisfactory protection. The hypothesis that pertussis, like diphtheria and tetanus, is essentially a toxin mediated disease8 has been finally laid to rest. Although the duration of protection was not studied in the trials it is likely to be similar to the protection provided by immunisation with whole cell vaccine. months of age -a group who are too young to be protected directly by vaccination.'3 A major re-evaluation of our pertussis surveillance systems will therefore be necessary if efficacy estimates as low as those obtained for American whole cell vaccine emerge for the UK whole cell vaccine from the ongoing Swedish trial.
The Swedish and Italian trials provided unequivocal evidence of the improved safety profile of the acellular DTP vaccines. As expected, common symptoms such as fever and irritability were significantly reduced and as a result, completion of the three dose course was 2-3% higher in the acellular than whole cell groups. The more alarming reaction of hypotonic hyporesponsive episodes occurred almost exclusively in the whole cell group at a rate of about one in 1000 doses, primarily the first. Although not resulting in sequelae, these episodes are frightening for parents and may represent a mild form of endotoxic shock, associated with the higher levels of endotoxin in whole cell than acellular vaccines.
Prospects for routine use Assuming that the second Swedish trial shows equivalent efficacy for UK whole cell and the acellular DTP vaccines, what are the implications? For countries such as the UK, where acceptance of whole cell vaccine is high, further improvements in coverage by switching to acellular preparations are likely to be limited to the few per cent of children who fail to complete because of post-vaccination symptoms contraindicating further doses. This by itself is unlikely to justify the extra cost of these new vaccines. For developing countries the extra cost of the vaccine may not be justified because problems with achieving wide coverage are of paramount importance. However, a reduction in reactogenicity may become a more significant advantage when new combination vaccines are introduced. The Children's Vaccine Initiative (a collaborative venture involving international organisations, industry, research and public health agencies) has identified DTP vaccine as the platform on which to build future combination vaccines for paediatric use, particularly those incorporating components which provide protection against bacterial meningitis. Acellular pertussis components are likely to be better than whole B pertussis organisms for inclusion in combination vaccines as they are superior immunogens and no more reactogenic than existing diphtheria and tetanus vaccines. The highly purified nature of acellular pertussis vaccines is also an advantage for regulatory agencies as the pharmaceutical properties of the vaccine can be chemically defined.
It is envisaged that acellular pertussis vaccines, when combined with other vaccines, will have wide application in primary immunisation schedules for infants and for boosting immunity in older age groups. Although no booster is currently given in the UK, it is likely that inclusion of pertussis vaccine in the preschool booster will be recommended as there is now little opportunity for natural boosting by exposure to whooping cough. The use of whole cell vaccine for boosting is probably unacceptable as there is a substantial increase in reactogenicity when using DTP compared with diphtheria and tetanus vaccine as the preschool booster. 14 Furthermore, recent experience in the USA, where there has been a recent resurgence of pertussis in adults, suggests that an extra dose at school leaving age may be necessary to ensure continuing protection in adulthood. 15 In anticipation of these developments, a three year clinical trials programme sponsored by the Department of Health and carried out by the Public Health Laboratory Service (PHLS) has begun. The aim is to provide a scientifically independent evaluation of the various acellular vaccines now available and their suitability for use in the UK population. The information will allow the performance of the different vaccines under the 2/3/4 month schedule to be compared with each other and with the existing UK whole cell vaccine with respect to reactogenicity and immunogenicity. Their compatibility when given as a single injection mixed with other paediatric vaccines such as Haemophilus influenzae type b, hepatitis B, meningococcal, or inactivated poliovirus vaccines will also be assessed. Three acellular DTP vaccines have already been evaluated in UK infants at 2, 3, and 4 months of age and found to be highly immunogenic and, unlike whole cell vaccine, not inhibited in the presence of high levels of maternal antibody (PHLS, unpublished). Follow up of the children who have been vaccinated in the primary immunisation trials will provide antibody persistence data in advance of the introduction of a national programme and will allow the need for booster doses to be assessed. The acceptability of acellular DTP vaccines for preschool boosting will also be evaluated and the use of acellular vaccines combined with tetanus and low dose diphtheria vaccines will be investigated in adolescents.
It is intended that the acellular pertussis clinical trials programme will serve as a model for the evaluation of other paediatric vaccines, such as pneumococcal conjugates and rotavirus vaccines, which are likely to become available in the UK and Europe in the near future. ELIZABETH 
